INTRODUCTION
Due to the pressure of international competition and market globalization in the 21st century, there continues to be strong driving forces in industry to compete effectively by reducing manufacturing times and costs while assuring high quality products and services and also an ability to meet environmental and recycling objectives. Over the last 15 years this has resulted in a remarkable transformation to fulfill following aspects: (i) total quality (ii) short manufacturing lead-times, (iii) accommodating the rapid changes in product volume and model mix and (iv) all employees are engaged in continuous product and process improvement. This basic framework is now accepted by all companies aspiring to be world-class manufacturers [1] .Most objectives are related to product and process development. Product development starts from the creation of a 3D (Three dimensional) computer model using a CAD (computer aided design) system. At this stage the geometry of the required product is defined and its various dimensional characteristics are established. This product and process development can be supported by suitable computer assisted part programs such as computer aided manufacturing (CAE). These programs include a wide range of engineering software for prediction of product performance and for the imitation of manufacturing processes without the need to produce physical prototypes. These programs are proposed to ensure either rejection or modification of an unsuitable design; in many cases a physical assessment of the real component is needed [2] . This often requires sample or prototype tools to be produced.
The creation of tooling for prototype and production components represents one of the most time consuming and costly phases in the development of new products. To solve this problem and to reduce the product development time and the cost of manufacturing, a new generation of production equipment has evolve. The method of additive part generation processes is known as "Rapid Prototyping" which offers the potential to completely revolutionize the process of manufacture. With the increase of RP, a new application has evolved that covers the production of prototype and production tooling. These new applications are referred as rapid tooling (RT) techniques. This paper describes the rapid tooling and its technologies.
Rapid tooling (RT) is the process of production of fast tooling through the prototypes made by RP. Technologists involved in RT development aims to reduce lead-times and development costs through manufacturing additively production tooling via RP. Two basic approaches are used: (1). additive process in which fast freeform fabrication (FFF) is used to build up a desired object layer by layer, and (2) . Subtractive process in which computer numerical control (CNC) machining technology is used to create a desired object by removing material from a workpiece. Both approach are drive by a digital database and utilizes modern CAD/CAM techniques to quickly and accurately fabricate the tooling. There is variety of ways in which CNC and FFF technologies can be used to create tooling. These include at least the following:
i. Fabrication of mold and pattern directly by CNC machining of the material that is appropriate for the process and production quantity required.
ii. Generation of pattern or mold directly using an appropriate FFF process.
iii. Fabrication of mold that can be used to cast the production pattern or mold. This requires translating the desired geometry into a negative representation that may also include draft and shrinkage allowance as required, and iv. Fabrication of a positive pattern on which the mold is cast. The mold can be used to produce the production tooling.
Different types of tooling result depending on type of approach used. If the tooling material is FFF material such as paper or photopolymer, it can only be used to produce few production copies before it is destroyed. Such tooling is referred as soft tooling. Hard tooling on the other hand is production tooling that is made of a durable material such as mahogany or steel that can be used to produce thousands of copies. A third type of tooling called bridge tooling, is soft or hard tooling that is used as an alternative to typical production tooling in order to http://dx.doi.org/10.12776/mie.v14i3-4.325 produce prototype parts or a short run of production parts directly.Rapid tooling is discussed in detail in the later section of paper but, before the clear understanding of RT, it is very important to understand the RP and its technologies. The next section describes the RP and its importance.
RAPID PROTOTYPING
The rapid prototyping (RP) technology enables quick and easy transition from concept generation in the form of computer images to the fabrication of physical models. Defining the practical model is a key part of RP technology. The main process stages involved in fabricating parts are common to most RP systems but the mechanisms by which the individual layers are created depends on the specific system. The common process stages are shown in Fig. 1 [3] . The starting point for any RP process is the source of the abstract geometry of the object to be built. From this, a data set describing the geometry must then be compiled. The data must be manipulated to generate the instructions required to control the process in the final stage of actually fabricating the component. Input at the start of RP process can be a point cloud obtained from scanning methods (reverse engineering) or 3D CAD models generated from various solid modellers or mathematical data obtained by using analytical equations. The whole procedure of generating part by any RP method can be divided into two steps.
Step 1: In this step STL(sterelithography) file is generated by tessellating 3D model, tessellated model is sliced and the generated data is stored in standard formats that could be interpreted by RP machines. This information is used in step 2. At this stage choice of part orientation and slice thickness are the most important factor as part building time, surface quality, amount of support structures, cost etc. are influenced.
Step 2: In this step generation of physical model takes place. This step is different for different RP processes and depends on the basic deposition principle used in RP machine The software that operates RP systems generates laser-scanning paths (in processes like Stereolithography, Selective Laser Sintering etc.) or material deposition paths (in processes like Fused Deposition Modelling) from the slice information obtain in step 1. At this stage various processes related information's like tolerance information (surface finish), material information, machine information (like laser spot diameter, cutting speed, temperature etc.) are important [4] . Performance measures of RP techniques are dimensional accuracy, surface roughness, mechanical strength, build time, material properties and post processing [5] . There are several well known RP technologies available in the market and few of them are Stereolithography (SLA), Selective laser sintering (SLS), Laminated object manufacturing (LOM), fused deposition modelling (FDM), 3D printing (3DP) and Solid ground curing (SGC) etc. An overview of various processes is provided below.
RAPID PROTOTYPING TECHNOLOGIES
There are a number of different RP systems, which can produce both models and functional parts. Most of these methods can also be used for the manufacturing of prototype and production tools. 
STEREOLITOGRAPHY (SLA)
It is the first commercial RP machine introduced in mid 1980s by 3D systems, California, USA. It fabricates part from a photo curable liquid resin that solidifies when sufficiently exposed to a laser beam that scans across the surface of resin. The solidified layer is then lowered into a vat so that another layer of liquid can be exposed to the laser. This process is repeated until all cross sections are built into a solid model of the original CAD model. When all the slices have been traced by the laser, the platform is removed from the vat and excess liquid polymer is cleaned off the completed part. The completed part is then finally cured in an ultraviolet oven.
SELECTIVE LASER SINTERING (SLS)
It was developed and patented by the University of Texas at Austin. In this process, a thin layer of thermoplastic powder is spread by a roller over the surface of a build cylinder and heated to just below its melting point by infrared heating panels at the side of the cylinder. Then a laser beam traces out the crosssection of one slice of the part. Where the laser beam hits the powder, the affected particles fuse together (or sintered). The first fused slice descends one object layer, the roller spreads out another layer of powder, and the process continues until the part is built. The un-sintered material in each layer can act as a support structure for the part itself. When the part is complete, the un-sintered material can simply be brushed off.
FUSED DEPOSITION MODELLING (FDM)
FDM was introduced by Stratasys, Minnesota, USA. A filament of material is extruded out of a fine nozzle in a semi liquid state and deposited onto a platform. The nozzle moves in the X-Y plane so that the filament is laid down to form a thin crosssectional slice of the part. As each layer is extruded, it bonds to the previous layer and solidify. The platform is then lowered relative to the nozzle and the next slice of the part is deposited on top of the previous slice. A second nozzle is used to extrude a different material in order to build-up support structures for the part where needed. Once the part is completed, the support structures are broken away from the part.
SOLID GROUND CURING
A similar method which uses ultra-violet radiation as the energy source has been named solid ground curing (SGC). In this method data from the CAD model are used to produce a mask, through which the liquid is illuminated and cured.
3D PRINTING
Similar to SLS is the 3D printing method, in which a binder phase is sprayed selectively onto the powder by means of ink-jet type printing heads.
BALLISTIC PARTICLE MANUFACTURING
In a similar process called ballistic particle manufacturing (BPM), a stream of molten material is ejected from a nozzle; the material separates into droplets which hit the substrate and immediately cold weld to form the part.
LAMINATED OBJECT MANUFACTURING
In the laminated object manufacturing (LOM) method the build material takes the form of a sheet of paper, metal, plastic or composite. Each layer of the model is profiled from the sheet using a laser. This section is then laid on and bonded to the previous layer using a hot roller which activates a heat sensitive adhesive.
SECONDARY OPERATIONS
This includes post processing of parts or models depending on the RP technique used. In many systems support structures have to be detached from the model. This is done manually and requires some skill. A powder support is easier to deal with. Some methods provide only limited structural integrity, so that the models are subjected to further curing or sintering, depending on the material used and its structure. A commonly employed secondary operation is mechanical or hand finishing removing the stair-step surface texture inherent in all RP technologies [2] . According to a data based on survey to 16 system manufacturers and 47 RP service providers the use of RP models by different branches and use of RP models by applications are shown in Fig.2 and Fig.3 . 
RAPID TOOLING
Tooling is an important area in the manufacturing process. This aspect can be extremely expensive as well as time consuming. Increase in the complexity of tooling for any operation results in a corresponding increase in the time and costs required to develop such tooling. In this perspective rapid tooling has emerged as an effective tool. RT generally, is related with fast tooling production using prototypes made by RP or in other words RT is a progression of RP. The RT technique based on RP shows a high potential for faster response to market demands. Technologists involved in RT processes development http://dx.doi.org/10.12776/mie.v14i3-4.325 are now devoting much of their efforts to reduce lead-times and development costs through manufacturing additively production tooling via RP. One of the important applications of RT is in mould production, using less time and cost when compared with traditional processes. Savings of 50% in time and cost are often reported by companies. RT has found applications in a wide variety of areas. Thus RT technique has become a hotspot in the current mould making industry. Many renowned companies and universities are involved in the further development and new applications of RT [6] [7] [8] [9] [10] [11] .The tools produced by RT are durable enough to propel them to be employed in the production process. There are many manufacturing processes which can make use of rapid tooling (RT) which covers:
[1]. Plastics: Injection and compression moulding, vacuum casting, vacuum forming, glass reinforced plastic lay-up, blow moulding, extrusion etc.
[2]. Metals: sand casting, pattern (patterns, match plate, core boxes), pattern for investment castings, sheet metal forming, Die -casting, hot and cold forging.
[3]. Ceramics -Slip casting, powder compaction in presses and isostatic forming.
RAPID TOOLING TECHNIQUES
A classification of RT techniques based on practical aspects is dictated in Fig. 4 . 
RAPID PATTERNS FOR CASTING
Casting of metal parts using parts produced by RP is regarded rapid casting or rapid manufacturing. It is the most popular tooling related use of RP with direct consequences in RT. The utilization of RP technologies in the formation of casting patterns promotes the rapid manufacturing of a metal part without the use of tooling for small quantities. It also helps in optimizing the casting design in terms of process and gating parameters. All of this reduces the cost and time required to produce prototype parts.
SAND CASTING
Conventional method of sand casting, which is used in creation of the patterns and core boxes used to make moulds and cores can also benefit from RT. The physical model of the pattern is based on the shape of the casting to be produced with added details i.e. disregarding internal cavities and designing core prints. Virtual models are then realized using one of the RP systems available. The same internal cavities and core prints are used to create CAD models of cores. Such models can either be used to produce RP patterns for making cavities in resin core boxes.
INVESTMENT CASTING
This is also known as lost wax casting or sacrificial pattern casting. In this method a physical pattern is produced in casting wax and attached to a wax runner system. Then, it is dipped repeatedly into ceramic slurry and dusted with refractory material until the desired mould thickness is obtained in the form of a self-supporting shell. When ready, the shell is dewaxed in a steam autoclave and subsequently filled with metal. Popular prototype systems, such as FDM and SLS, are capable of building wax patterns directly. SGC and BPM can also fabricate wax patterns for investment casting. Wax patterns are more readily accepted and accommodated by the foundry industry.
Other systems, such as SLA and LOM, have to use their own proprietary prototyping materials. The latest method is the Quick Cast build style, which eliminates 95% of the internal mass of a part made of epoxy resin. During burn-out, the Quick Cast pattern collapses before the ceramic shell becomes overloaded. Additionally, only a small amount of ash is produced. Polycarbonate models produced by SLS [12] can also be used (Fig. 5) . The parts build much faster in polycarbonate then the wax and the clean-up time is reduced. Post finishing is accomplished by dipping or coating the part with a wax-based material to seal the surface. This enables the creation of patterns with fine features, increased dimensional accuracy and improved strength. 
INDIRECT TOOLING
In Indirect tooling, the tool is formed via an intermediate step, referred to as the 'master'. This master is a physical 3D shape which can be copied many times, in order to produce the tool. It might seem retrogressive to introduce another step when many direct tooling processes are effective without it. However, the introduction of this step ensures the production of tools that are strong and robust enough to produce a higher volume of components in a process in which it is critical that nothing goes wrong.
SOFT TOOLING
Soft tooling is normally associated with low cost and so the term soft and low cost is often used interchangeably. Tools are required for small production quantities depending on type of product and its application. In some industries such as defence and aerospace a large production run can be two to three hundred. Generally most work in rapid tooling involved soft tooling but now the focus is shifting to hard tooling. There are presently many techniques available for producing soft tooling with which a technical prototype can be made to help the designer. The various techniques are as follows:
SILICON RUBBER
Silicon rubber is very versatile material although bit expensive which can be moulded around a master pattern to produce cavity. An example of silicon mould is shown in Fig.6 . With the development of rapid prototyping technology the master pattern is very often a rapid prototyping and tooling manufacturing (RPTM) model. There are two basic types of silicon rubber used to make moulds and the method of mould manufacture differs slightly. Silicon rubber is available in either transparent or opaque form with the transparent type being the expensive one. When the transparent material is used the model is suspended within a box and a silicon rubber is poured to fully surround the model. After the solidification of silicon rubber the parting line is cut and the model is removed leaving behind the required cavity. It is then possible to mould a variety of materials within the cavity, the most popular one being the polyurethane which is available with a variety of mechanical properties and can replicate the mechanical and thermal properties of the elastomers, ABS, nylon etc. Opaque silicones are either cast in one step as above or in two separate stages. When cast in one it is more difficult to cut the parting line around the master as it is not possible to see through the silicon. To be able to cut the operator starts at the sprue and carefully work around the parting line until the mould is separated. A Polaroid photograph of the model within the moulding box helps in choosing the correct direction for cutting. The alternative to casting in one step requires the model to be setup with the parting line provided in plasticine. One half of the mould can be then produced. After the solidification of silicon the model is inverted the plasticine is removed and the second half poured. This process takes longer to produce a mould but is less expensive when compared with transparent silicon. Silicon tools are used for four different manufacturing processes which includes Vacuum casting, reaction injection moulding, wax injection tooling and Spin casting.
CASTABLE RESIN
This is a simplest and cheapest technique for producing a tool for injection moulding. It consists of moulding a pattern within a mould box setting up a parting line with plasticine and then pouring resin over the pattern until there is sufficient material to form half of a tool. After completion of one half, the same process is repeated for the second half of the tool. There are many tooling resin available with different mechanical and thermal properties. The resins are often loaded with aluminium powder or pellets to improve the thermal conductivity of the tool and reduce the cost of resin. Cast resin tools are used for 100 to 300 mouldings. Simple example is shown in Fig.7 . 
ROOM TEMPERATURE VULCANIZING (RTV) PROCESS
It is a widely used method to obtain 3-Dimensional parts. It is also known as rubber tooling. In this process a master SLA pattern is used to form a cavity in a RTV rubber mold (Fig.8) . The process utilizes a master SLA pattern in the "Positive" form for producing the final part. The SLA master pattern must be fully sanded and polished since the surface finish is very critical when making the RTV mold. The mold will reproduce any and all surface defects left on the master. In turn it will transfer any imperfection onto the finished part. Even fingerprints will be picked up on an RTV mold and ultimately appears on each of the part produced from the mold. The other examples of soft tooling are epoxy moulds, castable ceramics etc.
HARD TOOLING
Hard tooling is production tooling that is made of a durable material such as mahogany or steel that can be used to produce thousands of copies and is associated with larger volume of production. The various techniques under this tooling are as follows:
SPRAY METAL TOOLING
Metal spray moulds have been used successfully for low pressure processes such as vacuum forming, rotational moulding etc. Recently, due to advances in spray metals and spraying techniques, it has also been used for injection moulding to create tooling for low volume prototype injection molding. The use of LOM (laminated object manufacturing) master is preferred. The LOM master is mounted to wood or metal base and parting lines are created. Generally the model is created into two halves (unless it was originally created in cope and drag form) by a parting board made of wood or clay. The LOM master is then coated with a thin high temperature barrier such as polyvinyl alcohol (PVA). Next, metal spray is applied to one half of the LOM master. Once this is complete, the shell is framed which establishes an outer boundary into which epoxy is poured. Within the frame's boundaries, cooling lines are strategically placed along the shell to ensure that it remains proper temperature so that it does not crack. The shell is backed with epoxy fill, after which the entire apparatus is turned over and the parting board and LOM master are removed. The process is again repeated for other half. The process is shown in Fig.9 . 
CAST METAL TOOLING
Tooling for use in injection moulding and die casting can be produced by investment casting. As was described earlier, RP technologies can be used to produce sacrificial patterns for investment casting. This time, however, the patterns for moulds and dies, rather than for components, are required. Therefore, one has to generate a reverse of the component in CAD by dividing the component on the split line, defining the cavity shapes and adding the remainder of the tool halves. A prototype mould can then be produced on the RP equipment and used as a pattern for investment casting. Alternatively, starting from the positive prototype, one can cast a resin mould and use it as a pattern for the Shaw process or for the sand casting of the metal mould. In both cases some machining may be necessary to add missing features or improve the surface finish. Tooling can be cast in various metals such as aluminium and zinc for prototyping purposes (100-500 shots) or in tool steel for high volume production. An example of cast metal tooling is given in Fig.10 . 
KELTOOL TOOLING
The Keltool process is an advanced process of producing longlife tooling quickly and economically for prototype and production runs from one to hundreds to even millions of plastic injection molded parts. The word "Keltool" refers to the proprietary powder metal sintering process, which involves infiltrating a fused metal part with copper alloy. This alloy fills in the voids in the otherwise porous material, producing a surface with the finish and hardness necessary for an injection mold. This process requires a master pattern, typically an ACES SLA model, which can be used to develop a silicone mold that will then be used to produce the Keltool mold. The Keltool mold is then processed with a copper infiltration and sintered to increase its strength and cure the mold. The finished Keltool part has the hardness of a A6 Tool Steel and can be machined like a traditional hard tool. The accuracy of Keltool is a function of the master pattern incorporating the appropriate shrinkages for the pattern itself, the silicone mold, Keltool process, and the thermoplastic material. Accuracies are typically 0.005 to 0.015 inches. An example of Keltool process is shown in Fig.11 . 
DIRECT TOOLING
This an automatic fabrication of machine tools on RP machine using RT. Tooling is one of the most costly steps in the manufacturing process. To make metal tooling direct from CAD file through rapid prototyping process is called as direct tooling. Most RP methods use relatively soft materials as the building medium
RESIN TOOLS
SLA epoxy prototypes, Solid dies of epoxy resin have been employed. Epoxy dies for injection moulding have also been tried with different plastics, e.g. polyurethane and polycarbonate. The number of parts produced from the tools was 100. A typical application in injection moulding is illustrated in Fig.12 [13] . 
METAL POWDER TOOLS
SLS can process a variety of different powdered materials and especially metals. This allows metal injection moulds to be produced directly from CAD data. The SLS process uses ironbased powders coated with a thermoplastic binder. Consolidation of the metal powder is achieved by selective melting of the binder. The part produced by this stage is called as green part. The green part is then sintered and subsequently infiltrated with a second metal, which results in a fully-dense part. An important application of direct laser sintering is producing copper EDM electrodes for injection mould tooling and forge dies. Cut-stone (Fig.13) is a metal powder used for diamond tools. 
CERAMIC POWDER TOOLS
Compaction of ceramic powders is a specific forming technique for ceramics. It is a process in which ceramic granular materials are made cohesive through mechanical densification, involving (hot pressing) or not (cold forming) temperature exposition. The process permits an efficient production of parts ranging widely in size and shape to close tolerances with low drying shrinkage. Traditional (ceramic tiles, porcelain products) and structural (chip carriers, spark plugs, and cutting tools) ceramics are produced. Cold compaction of ceramic powders ends up with the realization of the so-called green piece, which is later subject to sintering.
The 3DP direct shell production casting (DSPC) process produces ceramic moulds for metal casting directly from CAD design data. DSPC can be used to produce parts of virtually any shape. DSPC is used for prototype and short-production runs. It is claimed to yield functional metal parts in days instead of weeks or months. The advantages of DPSC are shown via figure 14. 
METAL POWDER TOOLS
Micro casting has been shown to be useful for direct tool production. An injection moulding die for an automotive component, obtained from low-carbon steel by micro casting is shown in Fig. 15 . The layer thickness was substantial and variable (1.15-1.49 mm). The support material was bound steel powder, subsequently removed by an air/water jet. The reported tensile strength was 530 MPa. 
LAMINATED METAL SHEETS
The idea of using metal sheets for producing laminated metal tools assumes the employment of a process similar to LOM. The problem of bonding technique, however, has to be resolved to ensure the structural integrity of the final product.
STATE OF ART
Increase in design capabilities, product variety, demand for shortened lead-time and decrease in production quantities are the major driving forces in the development of rapid tooling technologies, where tooling time and cost are significantly reduced. RT is a process that allows a tool for injection molding and die casting operations to be manufactured quickly and efficiently so the resultant part will be representative of production material [16] . SL tooling techniques are improving and are becoming increasingly popular among manufacturers [17] [18] [19] . Thomas [20] attempts to use SL tooling for FFR parts to offers a significant reduction in tooling requirements. By using RT techniques he reduced the number of tools required to produce FFR parts to one as compared to five used in traditional process. The development of SL injection mould tooling shown that it can be used successfully in low to medium numbers, and up to 500 parts can be been produced with one tool [21] . Ferreira J.C. [22] developed core-boxes for foundry with rapid tooling technology. He concluded that with new processing technique integrating rapid tooling, time is reduced from the design of cores to core-boxes production. It takes a few hours to fabricate a core-box with its CAD model by RT technology. When using conventional techniques, it will take some weeks. Thus the manufacturing period of new casting tools is greatly reduced. Sreenathbabu & Karunakaran [23] proposed hybrid adaptive layer manufacturing (HLM) process. They concluded with the proposed and developed HLM process, the overall cycle time of tools and dies can be developed much faster than the current existing commercial RP systems. The HLM process can be developed entirely as a new RP system or even retrofit to the existing three-axis CNC machine, thus minimizing the investment cost. Yarlagadda et al. [24] proposed development of rapid tooling for sheet metal drawing using nickel electroforming and stereolithography process. They said that use of RT time and cost can be saved in production of tooling for sheet metal forming application. They also concluded that SL parts could be used as low scale production parts significantly cutting time by byepassing the detailed process of design and die making. The unlimited theoretical possibilities that RP & RT techniques have in producing complex parts, promotes them as the ideal alternative for low cost EDM electrode manufacture rather than multi axis CNC milling which currently exists. Yarlagadda et al. [25] investigated on feasibility studies on the production of electro-discharge machining electrodes with rapid prototyping and the electroforming process. They proposed that electroformed copper electrodes show good potential for use as EDM tools. They can be used as an alternative for EDM tools with complex shapes that are not easily machined by traditional processes. Rough machining conditions can deform the tool. Hence electroformed tools are not recommended for rough machining. Semi-roughing to finishing machining operations may be undertaken using these tools. However, distortion in the tools is an inevitable side effect.
From the above review it can be concluded that the RT technology proves to be one of the revolution tool in the field of manufacturing technology and its exploitation will increase more and more in future. The prospect of this technology is very vivid.
BENEFITS AND SHORTCOMINGS
Rapid tooling has got numerous advantages and applications. Among them few have been discussed above. Still there are some challenges which need to be overcome. The major advantages and limitations are as follows: Advantages: 1. In production tooling, it is inevitable that modifications will be made in some parts, and these modifications cost additional money. With RT, such costs would become unnecessary, as this new process eliminates the need for modification in the finished tools. Modification in RT occurs in the prototype stage only. As a result of the modifications in the prototype stage, the tooling produces every piece according to the specifications. 2. Data CAD Direct Transfer -Many imperfections due to drawings misinterpretation can be avoided using the original CAD model all through the RP process and then along to RT process. 3. The traditional production tooling method takes about five times longer than RT. In other words, it can come up with five times the number of tools with RT in a set period of time. 4. The high cost of labor and short supply of skilled patternmakers can be overcome. 5. Hollow designs can be adopted easily so that lightweight castings can be produced more easily. 6. The use of CAD technologies allows the use of modular dies with base-mold tooling (match plates) and specially fabricated inserts. This modular technique can further reduce tooling costs 7. Chill-and cooling-channel placement in molds can be optimized more easily, leading to reduced cycle times.
Disadvantages: 1. The main shortcoming of rapid tooling is the potentially reduced tool or pattern life when compared to conventional tool steels and tungsten carbides production methods). 2. Considerable testing and experience are needed to establish a library of shrinkage compensation factors for an extensive repertoire of part shape. 3. Applying multiple shrinkage factors is tedious, especially for complex geometries. 4. The law of Universal perversity virtually guarantees that as soon as one thinks that the shrinkage data library is complete, geometry will immediately be encountered for which no data exist. 5. The most rapid RP systems are still limited as they can't produce parts in a wide range of materials; at a fast enough rate, to perform the enormous range of industry requirements. Despite the vast progress in direct part fabrication, even conventional processes such as molding and casting are still the only means available. 6. The part produced by the rapid tooling still need to be machined as the surface finish is not so good which is a limitation over the conventional process which can produce part to the required surface finish tolerance. 7. To produce individual molds, RP processes are used directly, but the molds will be desired permeability.
DISCUSSION AND CONCLUSION
International competition propels quick and economic development of product and introduction into the market. A novel integrated developing and manufacturing system of rapid tooling (RT) is developed against the market requirements. Rapid tooling which has developed from RP provides reduced cost and time to the fundamental area of prototype tooling. In any manufacturing process the most important phase is preparation of mould and dies which accounts for maximum portion of overall manufacturing cost and cycle time. As for instance the preparation of mould and dies in an Electrical discharge machining (EDM) accounts for 35-40 % of cycle time and preparation of electrodes need 50 % of overall cost by conventional manufacturing process. With the development of rapid tooling techniques the cost and time required for preparation of dies and mould has been significantly reduced. Moreover the part fabricated by rapid tooling doesnot need any finishing after the process which further reduces tooling time. Further, progress in materials that can be used for moulds and dies has enabled production tools to be manufactured directly. So typically, time which has to run to the first product is below 1/5 th that of conventional tooling. The overall tooling cost is much less than. It is assumed that it is below five percent of a traditional tooling cost. The rapid manufacturing of prototype components assesses aesthetics, ergonomics and fitment, has played a positive role in achieving these goals for some time. There are many existing techniques with the most successful applications being in casting and injection moulding. Direct methods of making tools on RP machines are developed. Prominent companies and universities are involved in the further expansion and applications of RT. This new trend in manufacturing has already had a major influence on many related engineering activities. In most cases rapid technologies are still slower than traditional manufacturing technologies; moreover the number of available materials is also limited. Thus more and more researches are going to overcome the limitations and to make rapid manufacturing techniques to change the future of manufacturing sector.
